INTRODUCTION
============

Subtrochanteric fractures are challenging problems to treat operatively because of various anatomical and biomechanical factors.^[@B1]^ Poor vascularity and high tensile and compressive forces contribute to the challenge of fracture healing.^[@B2]^ Cephalomedullary nails are the mainstay of treatment. However, problems in obtaining anatomical reduction can arise in the presence of a short proximal fragment with a flexion, abduction, and external rotation deformity.^[@B1],[@B3]^ If anatomical reduction is not achieved, the wide proximal femoral canal limits indirect reduction techniques and can lead to malalignment, which is a recognized risk factor for nonunion and implant failure.^[@B1],[@B3]^ Nonunion rates of up to 7% have been reported in cases of malalignment.^[@B4],[@B5]^ Anatomical reduction can be achieved by the intraoperative use of cerclage wires to hold and maintain reduction, which is associated with significantly reduced nonunion rates of \<2%.^[@B4]--[@B6]^ This may add to the overall construct stability, improve the quality of reduction, and improve the load sharing properties of the intramedullary device.^[@B7]^

There are numerous classification systems of subtrochanteric fractures, but there is no consensus to guide surgeons when to perform open reduction intraoperatively when closed reduction fails.^[@B8]^ The purpose of this study was to compare the outcomes of closed reduction against open reduction with cerclage wires in patients with traumatic subtrochanteric fractures treated with IMN. Based on the results, we aim to also propose a new classification system to dictate management.

MATERIALS AND METHODS
=====================

This is a retrospective review of all patients with traumatic subtrochanteric fractures presenting to a university teaching hospital between 2011 and 2015 and treated by a proximal femoral nail antirotation (PFNA) (Synthes UK).^[@B9]^ All nails had standard distal locking screws inserted. Pathological fractures, those associated with bisphosphonate use, intertrochanteric, and segmental fractures were excluded from this study. A subtrochanteric fracture was defined as an injury in which the main fracture line was located within the area from the distal border of the lesser trochanter to a distance of 5 cm distally.^[@B1],[@B3]^ After a review of current classification systems, and finding them unsuitable for the purposes and objectives of this study, a simpler 3-tier classification system of subtrochanteric fractures was proposed by the senior author ([Fig. 1](#F1){ref-type="fig"}). Type I indicated a transverse fracture, type II was a spiral fracture with an intact posterior and medial wall in the proximal fragment, and a type III fracture was a comminuted fracture with no posterior or medial wall integrity.

Data were collected over a 4-year period (2011--2015). Patients with subtrochanteric fractures were classified into type I, II, or III fractures based on radiographs by two independent senior clinicians. The cases were then divided into two groups based on whether treatment had been done by open reduction with cerclage wires or closed reduction using a traction table. Clinical and radiographic data collected included transfusion requirements, complications, operative time, American Society of Anaesthesiology (ASA) score, and the tip--apex distance. Mobilization was full weight bearing postoperatively. Thromboprophylaxis with enoxaparin was administered during the stay in hospital and up to 28 days postoperatively.

![A new classification system for subtrochanteric fractures](stlr-14-29-g001){#F1}

The primary outcome measure was revision surgery for failure; this was defined lag screw cut out, distal locking screw failure, and nonunion. Secondary outcome measures were related to the quality of fracture reduction and validated RUSH. The RUSH provides a standardized radiographic assessment of hip fracture healing based on the absence or presence of bridging callus and the appearance of the fracture line and is a reliable method for assessing fracture healing.^[@B10]^ The RUSH was calculated on 39 patients by 2 independent clinicians (blinded) at separate intervals on anteroposterior (AP) and lateral radiographs taken 6 months post injury. Nonunion was defined as the absence of radiological healing 6 months post surgery.^[@B11]^ Fracture reduction was also assessed by two blinded independent clinicians at separate intervals and was measured on antero-posterior and lateral radiographs. The quality of reduction was assessed from Baumgaertner et al.\'s work: good was both cortical displacement \<4 mm and angulation \<10°; acceptable was either cortical displacement \<4 mm or angulation \<10°; and poor was cortical displacement \>4 mm and angulation \>10°.^[@B12]^

Statistical analysis was performed using GraphPad Prism version 6, GraphPad Software Inc., California, USA. Data were summarized using the mean and range for continuous and categorical data. Fisher\'s exact test was used for independent categorical data and Mann-Whitney *U* test for continuous nonparametric data. Statistical significance was set at *p* \< 0.05.

RESULTS
=======

There were 141 cases of IMN for subtrochanteric fractures over the 4-year period. One hundred and two patients were lost to follow-up as patients with subtrochanteric fractures and hip fractures are not routinely reviewed postoperatively at our institution. There were 35 patients who had a type I fracture, 26 patients with a type II fracture, and 80 patients with a type III fracture.

Thirty-nine patients were identified who met the inclusion criteria and were followed-up for a mean of 7 months. [Table 1](#T1){ref-type="table"} compares the demographic factors for the different fracture types. [Table 2](#T2){ref-type="table"} compares the mechanical complications, return to theatre, and the mean tip--apex distances for the different type of fractures treated by open or closed reduction. The three fracture types were matched evenly with respect to age and ASA grade. Closed reduction in type III fractures was associated with a significantly increased risk of mechanical complications compared to open reduction. In addition, a significantly higher proportion of patients with type III fractures treated by closed reduction returned to theatre for implant failure ([Table 2](#T2){ref-type="table"}). Open reduction in type III fractures was associated with a significantly higher mean RUSH value (*p* = 0.0006). There was no significant difference in mean operative time between open and closed reductions in type III fractures (*p* = 0.12). [Table 3](#T3){ref-type="table"} lists the quality of reduction between open and closed reductions for types I to III fractures and the risk of implant failure. Open reduction was associated with a better quality of reduction graded as good compared to closed reduction in type II (*p* = 0.03) and type III fractures (*p* \< 0.0001). In addition, poor reduction was associated with an increased risk of implant failure in type I (*p* = 0.017) and type III fractures (*p* = 0.02). Other factors such as the tip--apex distance had no significant effect on implant failure or return to theatre. Furthermore, there was no significance difference in the ages, ASA, transfusion requirements, and lengths of stay in types I to III fractures treated with open or closed reduction ([Table 1](#T1){ref-type="table"}).

DISCUSSION
==========

This study shows that the addition of cerclage wires achieved a better quality of reduction in type III subtrochanteric fractures. This, in turn, incurred no overall increase in mean operative time but was associated with a significantly reduced risk of mechanical complications requiring return to theatre. There are several classification systems for subtrochanteric fractures such as Seinsheimer^[@B13]^ and Fielding.^[@B14]^ None of these have reported any proven benefit in determining the choice of treatment and prognosis.^[@B8]^ This study has shown that the proposed three-tier classification can be used as a decision-making tool for subtrochanteric fractures and can guide the surgeon when to perform open reduction with cerclage wires. As a result of the findings here, we recommend open reduction with cerclage wires for all patients with a deficient medial or posterior wall type III fracture.

Our classification system is based upon the deforming forces that act on the proximal fracture fragment. This includes flexion and external rotation from iliopsoas, further external rotation from the short external rotators, abduction from the gluteus medius and minimus, and, lastly, adduction and shortening of the shaft from the hamstrings and adductors^[@B15],[@B16]^ ([Fig. 2](#F2){ref-type="fig"}). The subtrochanteric region is also eccentrically loaded and the compressive medial forces outweigh the tensile lateral forces.^[@B17]^ Therefore, any implant can fail in the presence of malreduction. In type I and II fractures, the long posterior wall will confer stability by neutralizing these deforming forces after nail insertion with closed reduction. Open reduction is required in type III fractures owing to the deficiency in the posterior and medial buttress. Nail insertion following closed reduction in such unstable fractures can result in further displacement of the proximal fragment which is associated with an increased risk of implant failure. By applying a cerclage wire intraoperatively in type III fractures, anatomical reduction is achieved through contact between bone ends; this adds to the overall stability of the implant-fracture construct and reduces the risk of malalignment and implant failure.^[@B4]^

###### 

Comparison of demographic and operative factors in patients with types I to III subtrochanteric fractures

                         *Type I OR*       *Type I CR*      *Type II OR*      *Type II CR*     *Type III OR*     *Type III CR*    *p value*
  ---------------------- ----------------- ---------------- ----------------- ---------------- ----------------- ---------------- -----------
  Age                    75.5 (75--76)     83.2 (64--99)    85.4 (67--95)     87.1 (69--98)    81.6 (60--96)     83.9 (61--95)    0.19
  Significance           *p* = 0.11        *p* = 0.51       *p* = 0.21                                                            
  ASA grade              2 (2)             2.76 (1--4)      2.81 (1--3)       2.73 (1--4)      2.76 (2--4)       2.80 (2--4)      0.82
  Significance           *p* = 0.07        *p* = 0.43       *p* = 0.79                                                            
  Operative time min     109.0 (96--122)   97.6 (54--184)   122.2 (80--185)   76.5 (37--119)   105.1 (57--220)   93.3 (55--183)   0.0004
  Significance           *p* = 0.49        *p* = 0.0004     *p* = 0.12                                                            
  RBC units transfused   2.5 (1--4)        2.1 (1--3)       2.3 (2--3)        2.4 (2--3)       2.59 (1--5)       2.23 (1--4)      0.26
  Significance           *p* = 0.99        *p* = 0.99       *p* = 0.17                                                            
  Drop in Hb g/dL        52.5 (29--76)     25.2 (0--56)     35.2 (5--49)      25.3 (8--50)     29.5 (5--70)      29.3 (3--57)     0.21
  Significance           *p* = 0.18        *p* = 0.14       *p* = 0.79                                                            
  RUSH score             24.7 (16--28)     25 (24--26)      29.4 (27--30)     10 (10)          26.3 (11--30)     20.7 (10--30)    0.0006
  Significance           *p* = 0.75        *p* = 0.047      *p* = 0.022                                                           
  Length of stay *d*     48.5 (25--72)     21.7 (2--58)     21.4 (11--38)     22.4 (2--47)     39.7 (4--370)     30.9 (4--106)    0.38
  Significance           *p* = 0.19        *p* = 0.84       *p* = 0.67                                                            

###### 

Comparison of mechanical complications, mean tip--apex distance, mm, and return to theater in types I to III subtrochanteric fractures

  *Classification*               *Reduction n*                  *Mechanical complications n*   *Significance*               *Return to theatre*                       *n*                *Significance*   *TAD mm*                                  *Significance*    
  ------------------------------ ------------------------------ ------------------------------ ---------------------------- ----------------------------------------- ------------------ ---------------- ----------------------------------------- ----------------- -----
  Type I                         Open 2                         No complications               *p* = 0.99                   No surgery                                2                  *p* = 0.99       N/A                                       N/A               
  Closed 33                      Distal locking screw failure   1                              No surgery                   1                                         19.1, 18.3--20                                                                                  
  Nonunion                       1                              Exchange nailing               1                                                                                                                                                                      
  Type II                        Open 11                        Distal locking screw failure   1                            *p* = 0.99                                No surgery         1                *p* = 0.99                                14.5, 4.5--14.5   N/A
  Closed 15                      Nonunion                       1                              Femoral plating              1                                         36.2, 36.2--36.2                                                                                
  Type III                       Open 39                        Distal locking screw failure   3                            *p* = 0.005, NNT = 2.5, 95% CI 1.4--4.6   Nail removal       1                *p* = 0.04, NNT = 3.10, 95% CI 1.6--7.6   34.07, 9.5--60    N/A
  Exchange nailing               1                                                                                                                                                                                                                                    
  No surgery                     1                                                                                                                                                                                                                                    
  Closed 41                      Lag screw cut out              8                              Proximal femur replacement   1                                         21.3, 8.4--49.0    *p* = 0.44                                                                   
  Total hip replacement          3                                                                                                                                                                                                                                    
  Removal of metal               1                                                                                                                                                                                                                                    
  Exchange nailing               1                                                                                                                                                                                                                                    
  No surgery                     2                                                                                                                                                                                                                                    
  Distal locking screw failure   5                              Total hip replacement          1                                                                                                                                                                      
  Removal of metalwork           4                                                                                                                                                                                                                                    
  Nonunion                       1                              Exchange nailing               1                                                                                                                                                                      

There was an increased risk of implant failure and nonunion in patients with type III fractures who were treated with closed reduction because of malreduction and malalignment. The importance of anatomical reduction in such fractures is highlighted in this series and emphasized by findings of other clinical and biomechanical studies.^[@B1],[@B18]--[@B20]^ Distal locking screw failure indicates instability of the overall mechanical construct.^[@B11]^ Giannoudis et al. demonstrated that distal locking screw failure and subsequent breakage of the nail was the standard mode of failure of cephalo-medullary nails and recommended that early breakage of distal locking screws in a symptomatic patient should be utilized as a predictor of pending failure.^[@B11]^ There were similar findings in this study as 48% (10/21) of patients with mechanical complications presented with distal locking bolt failure. Seventy percent of these patients underwent removal of metal or revision surgery for implant failure.^[@B2]^ We recommend that all patients with subtrochanteric fractures should be followed up closely in the outpatient clinic until radiological union.

###### 

Comparison of the quality of reduction and incidence of implant failure (IF) in types I to III subtrochanteric fractures

  *Fracture type*   *Quality of reduction, implant failure, IF and significance, p*                                 
  ----------------- ----------------------------------------------------------------- ----- ----- ----- ----- ----- -------
  Type I OR           1                                                                 0     0     0     1     0   0.017
  Type I CR         16                                                                  0   13      0     4     2   
  Type II OR          9                                                                 0     2     1     0     0   0.35
  Type II CR          5                                                                 0     5     0     5     1   
  Type III OR       33                                                                  0     3     2     3     1   0.02
  Type III CR         2                                                                 0   10      4   29    10    

![Deforming forces acting on the subtrochanteric region of the proximal femur from the iliopsoas, gluteal muscles, hamstrings, adductors, and short external rotators resulting in shortening with a flexion, abduction, and external rotation deformity of the proximal fragment](stlr-14-29-g002){#F2}

Concern over the use of cerclage wires has centered on the impairment of periosteal blood supply to the fracture site which can lead to nonunion. Recent cadaveric studies have demonstrated that the vascular supply to the periosteum is circumferential rather than longitudinal with multiple musculo-periosteal vessels supplying this layer. Therefore, one or two well-spaced cerclage wires should have little to no effect on the periosteal blood supply.^[@B21],[@B22]^ Although recent studies have reported good outcomes of cerclage wiring in subtrochanteric fractures, care must be taken when passaging wires; various authors have reported major complications such as femoral artery and vein injury.^[@B23]^

There are limitations to this study. As with all retrospective studies, there was no control over follow-up and there may be an under-reporting of complications that may have presented to other hospitals. In addition, long-term follow-up did not occur for most patients. This is because fractures of the neck of femur and subtrochanteric region are not followed up in our institution for extended periods. These patients are often frail, and this fracture carries a high mortality for this group. In addition, whilst our classification system has been shown here to guide surgeons as to when to perform an open reduction in some subtrochanteric fractures, it is not yet validated and designed from a relatively small number of patients. Validity studies are being undertaken currently at the author\'s institution by testing the interobserver and intraobserver reliabilities via a test--retest analysis.

CONCLUSION
==========

We propose a three-tier classification of subtrochanteric fractures that can guide the operating surgeon as to when to an open reduction can influence outcome. We recommend achieving and maintaining anatomical reduction by open reduction with cerclage wires in type III subtrochanteric fractures which have a short posterior wall and deficient medial buttress. Use of cerclage wires in such cases is associated with a significantly better quality of reduction and has been shown to reduce the risk of implant failure, nonunion, and need for further surgery.
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